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Hydroxyalkyl Starch Dr u f > Tarripr 
gACKGROUND^) F TH£ 1N!VENT , nN , 



terin, b" ■ ,7 re,at " t0 C ° m P° siti °- «* a method for adminis- 
-ng b o,og,caj, y active substances to an anima. in a cont roJle d release 

,0rmU,at, ° n - M ™ P-ticularly, the invention relates to a pol yme 

bioJogicaJly actjve substances whjch has 

toxicity and Jong term persistence in the body. 

iorm , , Vari ° US adminisler -8 *«B* in controlled release 

. ~^^^ l r^r Bn in the " id invo,vei 
rrr a :: z tt- - - ^ 

tions is that the \ administering drugs as drug-polymer combina- 

Per d o t m * «* ™ b * -trolled over a prolonged 

single dose Th " ^ ^ " * b in a 

smgle dose. This prolongation of activity of the dru* is den. h 
among other factor th. ♦ u 8 de P ende ™ on, 

li and r ,rea,mem °' Ce " a '" """"'^ dis "-. « «*. 

ery des.rabje. This redaction in ,oxici,» can be . resul, „, I 

nee m reiease o, aci.hv in ,H,, „ uid occor, „„e r a ,„„«, p od I 
therefore, to obtain „ desired |e „, ' ra P"")'. 

rate of meraboi.sn, or excretion o< ,he dr„ 6 ma, be redoced, ,„ us 
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lowering the actual dose requirements. Another reason that the toxicity 
may be lower is that a drug which might otherwise undergo undesirable 
reactions in the body, such as precipitation, complex formation, reaction or 
degradation, will be prevented or inhibited from such reactions as a result 
of the polymer-drug combination. 

Specific polymers which have been employed as drug carriers are 
dextran, which is a polysaccharide obtained by the fermentation of sucrose, 
and various synthetic polymers such as vinyl polymers, polyacrylates and 
polyamides. Examples of drug-polymer complexes employing dextran are 
disclosed by Herb, 3. R., U.S. Patent 2,885,393, May 5, 1959 and London, 
E., et al., U.S. Patent Re. 24,642, April 28, 1959. Polymer drug complexes 
are described generally in an article published in Chemical Week . April 26, 
1978, page 45. The following United States patents also describe combina- 
tions between polymers and various active components: 

3,608,063 3,998,974 
3,629,392 ' 4,003,990 
3,966,902 4,035,479 
3,998,620 

To be useful as a drug carrier, a polymer musl be capable of 
forming a bond or complex with the drug. This capability is dependent on 
the reactive bonding sites on the drug, and also on the bonding ability of 
the polymer. In the case of a polymer-drug combination in which the drug 
is released from the polymer in vivo, the drug and polymer should be 
connected by a labile bond. In the case of a combination in which the drug 
remains on the polymer in vivo, the drug-polymer bond must be relatively 
stable and must not appreciably interfere with the drug activity. The 
polymer must itself also be substantially non-toxic. Advantageously, the 
polymer can be modified so that the rate of. release of the drug component 
or its ip vivo activity can be accurately controlled. A disadvantage of 
several of the polymers which have been investigated for this purpose is 
-.that they persist in the body. .That is, after the drug groups have been 
released, the polymers are not easily excreted or metabolized to harmless 
components. Such polymers may, therefore, act as cumulative poisons in 
the body and defeat their desired function. 

Generally, with some exceptions, the use of polymeric drug 
carriers has heretofore been limited to formulations Jor oral or topical 
administration. The toxic effects and the degree of long term persistence 
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c: a* ,.=i ; „ t ,. ,„ tht body are much more signif . Mni ^ 
aomm,.,r S ,,on. 1te po , ym „ s for ora| or 

<oond ,o be enngen.c and its w has „ UMd anaphyl8xh jn pat|ems 

be easily " d °r7' y ' ' here " 3 "*' 3 *"» «""- »°*™' -** can 
17 ' '° C ° m ' 01 *« »" - *"« — , which inherently has 

IT K X,C " > '' "' hiCh ' SObie,,Uem 10 *<* is qoick.y 

:i;::: ,a " ! ' — d "° m - - ~ - 

SUMMARY OF THE IN'VFIVTIrM,. 
In accordance with ,he present invention, oisc , osed . . 

o, ma „ er IO , Ihe com , OIled , elaase adm , nl ; lralio ; - - 

c « compound IO a „ animaii compfjsing a ^ I ^, 

cally acuve compound and hydroxys) kyl starch. E 

fi^^SDESCRIPTIOKOF^^ 
• The prelerred polymeric Orug carrier of this inventll)n ls . 

y*oxya,M starC h .. hlch can be prapared accordan ;;^ ; h 

.eachmgso, „ ershenMni H ._ „ ^ u s paKn . 

rocorporared herein by re.erence. The p reI erre d polymeri LteriaT s ' 

ethylene ox.de to a predetermined s d bs,i, d ,i d „ le.ei, and then hy d ,o,yzi„g 
the ethenftedstarchto. desired viscosity , a „ 6e . ' E 

The Hershenson paten, discloses toe use „, hydroxyalkyl srarch as 
a Plasma expanle, 0nt „, s > ^ ' J ««* 

particularly suile d ,or tha, purpose is tha, the JJ^^T^ 

z ~ in r tod : bu ' h - a -» - - - pars- 

mediae ' S " r " ed ' UnCUt "" " " -"-Ml. 

~ ™ ' r ° m * « any, toxic 

™ 5 P~P«"y 01 low long term in vjjo persistence a , so enables 
hydroxy.*,, 5tarch t0 be ,„ used «"« 

-OS or biologicauy active compoond has been released 8 in £^ Z 

BAD ORIGINAL (ft 
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eflect thereof has been realized, the polymer is substantially metabolized 
or excreted. Side effects resulting from the use of the drug carrier are 
thereby minimized. 

The period of prolongation of the activity of the active com- 
ponent is somewhat dependent on the degree of persistence of the polymer. 
This degree of persistence can, in turn, be controlled by varying the Jevel 
of substitution of the polymer as described by Hershenson, et ah, supra. 
The greater the degree of substitution, the slower will be the rate of starch 
hydrolysis in vivo . If the active component is effective while bound to the 
polymer or to polymer subunits, higher degrees of substitution will proJong 
such effectiveness by increasing the degree of persistence of the polymer. 
H shorter action is desired, the degree of substitution can be reduced, 
resulting in more rapid hydrolysis of the. polymer and thus more rapid 
release of the active component. If the active compound is bound to the 
polymer by a labile bond, the rate of release of such compound into a body 
fluid is dependent both upon the JeveJ of substitution of the .polymeric 
carrier and upon the strength of the labile bond in vivo . 

The preferred level of substitution for the hydroxyalkyi starch 
will vary, depending upon the particular active component for which the 
polymer is a carrier, the rate of release or prolongation of activity which is 
desired, upon the manner of administration. The Jevel will generally fall in 
the range of from about 0-1 to 3 for oral administration and lrom 0.1 to ) 
for parenteral administration. The prelerred range of the Jevel of 
substitution is from about J to 3 for oral administration and from about 0.4 
to 0.8 lor parenteral administration. 

It should be recognized that the hydrolysis of hydroxyalkyj starch 
is accomplished in the body largeJy by enzyme action, e.g. by the action of 
amylase. Thus, the degree of persistence of the polymer is increased as 
substituent groups thereon are added. As indicated, the Jevel of substitu- 
tion with hydroxyethyi groups may advantageously be used to control the 
degree of persistence, but substitution with the biologically active 
component can also affect the suscept ability of the polymer to enzyme 
action, and thus determine the degree of persistence. In an extreme case, 
the level of substitution of the polymer may be very low, approaching zero, 
but because of the presence of active compound on the polymer, the degree 
of persistence is in the desired .range. Because of the effect of the active 
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cc™ P ou„ d suus.l.uen, on ,he ,eve, „, persis1ence , , he ^ 

L l\ r r a ,he numbe ' ° f ac,,vt comp ™ d «— . 
;= based m the deeree o( persis ,_ drsired in _ 

The molecule, weigh, „< ,he hydroxyalky, March a)so a „ ecu lu 
pers.s.ence ,„ ,he hody a „ d , hc availabi , ity of ^ aciive 
n,o.ecu,ar weigh, can he con„„„e d by regulaling ^ * 

.ra„o„ ,he n,o,ecuJar weigh, „, ,h e p olymer is ad v,„,age„ usly 

nd ge„er,„y range Iron, aoou, ,„,ooo ,„ abou , 2 ; 000 , 000 ^ 
ebl y m a range oj Iron, abo u, 200,000 ,o MO.000. 

,ha, . I" ,CC ° rdanC ' " i,h --ention, i, has b „„ disc()vered 

rejease snalJ include the actual relea^*. ,u 
j release ol the active compound into th? 

P lymenc earner or Ir.cl.on thereol. Such oioloeicallv 

compJexation or other means. * 

P-ur^ilyolTr'T S ' arCh ' bei " e ' SUDS,i,UKd I. . 

plur«l.t y OI hydroxy. g,„ ps which provide uselul si.es lor hooding acive 

compounds. Such ho„ din g is » llmi1ed , _ „ £ 
hydroxy! groups. This bo „ dl „g ca „ „ . ^ ^ ~ 
nrponen, s „ d ,he po, y me, Fof ^ „ ^J,'™* 

hydroxy, group on , he hvdro>ya)ky) st „ ch „ ' » 

' " X C ' eaVa0 * ^° * " —« -ion 

27 1 add " i0n '° **« — d ,he 

derivative F * ~ d « * *" - - PO.yn.er through 
denyat.ve. For exa m p.e. ,he lowing schen.es may he en,p,„ye d , R 
■» an appropriately selecel derivataing agem, 
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Scheme I 

Polymer ■» R > Polymer - R 

Drug * R J > Drug - R J 

PoJymer - R Drug - R J ^ PoJymer - R - R J - Drug 

Scheme II 

PoJymer * R ^ PoJymer - R 

PoJymer - R ♦ Drug ^ Polymer - R - Drug 

Scheme III 

Drug 4 R »• Drug - R 

Drug - R h PoJymer — — > Drug - R - PoJymer 

In each of the above schemes, the derivatizing agents are 
carefully selected so that the drug or an active drug derivative will be 
released in vivo, or the activity of the drug will be maintained while it is 
bound to the polymer. A fourth scheme involves the reaction of a drug 
precursor (Drug p ) with a derivative, followed by reaction with the hydroxy- 
alkyl starch polymer. Upon reaction in vivo, the active drug is released. 
This scheme is represented below. . 

Drug p 4 R + Drug p -R 

Drug p - R 4 Polymer ■ » Drug p - R - Polymer 

in vivo 

Drugp- R -Polymer ^ Drug 

Derivatizing agents useful for producing compositions of this 
invention include substantially any non-toxic compound which will link the 
active compound to the polymer. Polyfunctional organic compounds are 
•useful for this purpose. Through the above-described reaction schemes, a 
wide variety of biologically active compounds can be combined with 
hydroxyalkyl starch to form controlled release formulations. 

Specific examples of useful modifications to hydroxyalkyl starch 
are listed below (HES indicates hydroxyethyl starch). For convenience, the 
reaction involving only one or two hexose units of the hydroxyethyl starch 
is indicated.' 
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These hydroxyethyj starch derivatives can be reacted with 
prote,ns h as thc . ^ ^ ^ - 

enkephalins, and amino acids. ' 



1, h ! e h> " i^0^,, ' eroups m " » 

» «.th the lollowng , che „„. ( H0 . R repress ,„, drug): 



c-c V ch^ «o- R ^!e c ,. CHz 4 H . CH2 _ OR 



OK- 



_ CH 2 -CH-CH 2 -OR 

/°\ EF.-E*0 OH 

«"'-OH-.CH I -CH-CH t -0,,-i-^„ E ,. 0 . c ^ H . CVOR 

' such , !vZ' eS , °' drUES haV ' n£ ^ hyd '°^ t s,.roid 5 

» XL sont a " d ~ e aad - - «~ 

o r , ' d " iVi,iVe ^ *' '" mcd du ™S »* Preparation 
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CH 2 0H 

A. STARCH 4 CH -CH-Br 



CK 2 OH 





H L OCH 2 -CH-OH 



and K \ Br 

-O ■ 



K 0 CK-Ch ? -OH 
i c 



Br 

CH ? OH CM.Br CH.OH 



a 



h ,5o. «/i~v i/h"°\v «y-°\ H 

HLS 1 H Br --^ ^ „) 



1 17 

H OCH^CHpMH OC^CH^h^ CCH^Br 



(« Drugs , having alkyj haJide Junctions, such as the antineoplastic 

agents chlorambucil and cyclophosphamide 

CICH *°^ /r^ CIC W / N "\ 2 

Z 2 CI CH 2 CH 2 0_ CK, 

chlorambucil cyclophosphamide 



can react with hydroxyethyl starch directly by the following reaction; 



DMSO 

(HES)-OH -i Cl-frn DMSNo* 
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(5) 



Brominated hydroxyethy, starch can be used as a precursor' for a 



ether 

HLS-Br + Mg H E £ — MgBr 

O R" 
ii i 

H ES — MgBr + R-C- K' -HES-C-OH 

i 

R 



HO CH ? OH 



0*> 




aldosterone 0 

<« Drugs such , s chl(>rampheni(:0) contai ■ 



» 0 DMSO^ 



(HES) - OH + R-N - C - CH, Cl E^.,„ ES ,. 0Cv t. NHB 



w cirri ,here, r use,u ' ,or "* *« •»*« - * 

■ W, « - d,a«,yl ,, « . diamir,odipher,,l s „|l one ). 
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(7) Active compounds having carboxyjjc acid functional groups car, be 

converted to acyJ halides by reaction with thionyj chloride. For instance, 
chlorambucil can react as follows: 

Cl CH * CH ^ JT\ so, ci CIC ^ /r^ 

(ch 2 ) 3 cooh — i-*- y/ y (c „j coca 



• Acyl halides can, in turn, react with hydroxyethy] starch as 
follows (E * CJ 2 represents 1 ,2-dichloroethane): 



o 0 

w Ef CL . _ " 



(HES)-OH t R - C-Cl l ' fZ] 2 ^ ( H L — Q~ C -R 



pyridine 
60°C 



(8) Drugs having alkyi halide groups such as the antineoplastic agent 
pipobroman can react to form isocyanates which can react with 
hydroxyethy! starch. 



0 , — v o 
ti / \ ti 



BrC^CH-C- \ " C - CHgC^Br 
pipobromon 



(HtS,. 0 H + R-N-C-o . p »° V . .HESI-O-g-NHB 

60X 



(9) Anhydrides can react with hydroxyethyl starch in the following 

manner: 
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o o _ 

(HCS)-OH+ R-c-O-C-R'— tll^iHFCl r> ? r, . . » 

" *-(HES)— 0-C-R + (HES)-0-C-R 



JO be r US, K drU8S haVi " 8 Carb ° Xy,iC 8r ° UPS ' 5UCh 35 vha ™ A, can 

10 be reacted w,th acetic anhydride to form a mixed anhydride which, in 'turn, 
can be so reacted with hydroxyethyj starch. 

00) A wide variety of drugs have amine functional groups, Included in 
. this group are amphetamines and dopamine. 



13 



HO 

OH 

20 Dopamine 



25 



C V CH 2 CH-NH. 
ir ••• • 



****** slarch can be p.r.ia.1, oxidized ,o ,„ a.deh y dic compounds 
which can react with such .mine groups ,„ IO rm Shlt , ta>e cmpom ^ 



C^OH 

(HES)-OH + H?C r0 4 =— H dr°£ 



30 W H C, °* 



o 6 -° H > H & "oi H H 



CHOH 



OCrO s H O'WO 
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another useful oxidation reaction is: 



CHJDH 



H A 0 H 

HES 4 HIO, - .oX^wi + HJ0 3 + H 2 0 

c c 
b o 

The reaction of aldehydic hydroxyethy] starch with an amine-containing 
drug is represented as follows: 

0 

(HES)-C-H -t- HjN - DRUG HES - CH = N- Drug 

Certain drugs can be derivatized to contain amine groups which can react 
with aldehydic hydroxyethyl starch by this scheme. 

The method of the present invention is particularly advantageous 
for administering iron to a patient. The requirements of the body for iron 
and its therapeutic and prophylactic uses are well documented. Iron salts 
are generally not administered orally for therapeutic purposes becauses 
they are poorly absorbed or because they sometimes cause disturbances in 
the alimentary tract. Therefore, iron is preferably administered parenter- 
al^, generally by intravenous injection. Solutions of iron salts are not 
usually injected directly because they are toxic. A particular problem is 
that acidic iron forms insoluble precipitates at physiological pH. To 
overcome these problems, physiologically compatible iron complexes have 
been, developed for parenteral administration. Such complexes have 
included saccharated iron, complexes of iron with dextrans or dextrins, and 
complexes of iron with a water swellable polymer. Examples of the latter 
^complexes are described in U.S. Patent 2,885,393, May 5, 1959, and 
Canadian Patent 991 ,5M. 

It has been found that the method of the present invention may be 
advantageously employed for the administration of iron. Citric acid has a 
stabilizing effect on the iron and prevents precipitate formation during the 
reaction. The iron may be bound to the hydroxyalkyl starch through a 
citric acid derivative, but the exact structure of- the iron-polymer 
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10 iron in 



combination is not presently knourn tk. ; 

pre.erabiy i„ lhc fer ' "°" A " P '° Vided 

• so,ut,o„, or may bo pr.cipi,a,od and srorod in dry torn, 
iron in J^^^TT " '""^ ^ 

compounds can be continuously or reoeated.v h • • 

ordor d. in vivo porsisronco JT hi s , "T ' " ™« <■>.. 

nos, appTao^od do „, hl " frOJ "" ,k " '««* "rrior is, of coorsa, 

adminis To ^ d "T " ^"'^ ^ "«™ 
' To the ^rug-polymer combination mav be ***** 

may ,so conrain „ utrl o„ l5 , s , ch as ^ J J?J?J%Z 
'™i.ad,op ar , icularf<>rmll , ation < ; a, ^ " d *• I— « — *, is no, 

-re, are r combi " a,ioni °' 
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EXAMPLE I 

This Example demonstrates the preparation of an iron- 
hydroxyethyJ starch combination. 

HydroxyethyJ starch (prepared by the procedure described in 
Example II of U.S. Patent 3,523,938, and further acid hydrolyzed to a 
moiecuJar weight of 45,000), 80 g, was dissolved in water to yieJd 400 ml. 
of a 20% w/v solution (Solution I). Ferric chloride (FeCI 3 # 6Hp0), 125 g, 
was dissolved in water to yield 250 mi. of a 50% w/v solution (Solution H). 
Solution I was heated to 60° C with stirring, and Solution II was heated to 
40-60° C with stirring. Solution II was slowly added to Solution I with 
stirring. After addition was complete, granular citric acid, 53.5 g, was 
slowly added to. the mixture with stirring, and the resulting solution was 
stirred at 60° C for an additional 20 minutes then allowed to cool to room 
temperature. A 20% aqueous solution of NH^OH was prepared (Solution III) 
and slowly added with stirring to the iron-hydroxyethyl starch-citric acid 
solution until the pH reached 10.4. The solution was then heated to 50° C 
and stirred for 20 minutes, cooled to room temperature and filtered 
through a 0.8 p filter. The solution was purified by overnight dialysis 
against distilled water, and was concentrated to 1100 ml. by vacuum 
distillation. The iron-polymer combination was precipitated by combining 
the concentrated solution with 8 liters of acetone. The resulting precipi- 
tate was collected by filtration and washed several times with acetone. 
The precipitate was dried at 80° C in vacuo , yielding 91 grams of dry 
product having an iron content of 22.7 by weight. 

EXAMPLE II 

The product from Example 1 was used for the preparation of an 
injection solution. The dry product (50 g) was dissolved in warm (50° C) 
sterile water (100 mi.) by adding the powder slowly to the warm water with 
stirring. The solution was brought to J 75 ml. by the addition of 1.58 g of 
-Nad and sterile water. The solution was then filtered through a 0.22 y 
filter and placed in 30 ml. vials. The vials were sterilized for 15 minutes 
at 250 F and the solution had an iron concentration of 50.5 mg/ml. 

EXAMPLE 111 

The experiment of Example 1 was repeated in all essentia) details 
except that following dialysis and concentration of the solution, the iYon- 
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hydroxyethyl starch was precipitated in cold (5-10° C) acetone, the super- 
natant discarded and the precipitate washed with one liter of 80% aqueous 
acetone. The precipitate was allowed to resettle, the supernatant 
d.scarded, and the procedure repeated. After the second wash, the 
prec.pit.te was redissolved in .00 ml. of a 0.7% w/v solution of citric acid 
The P H was then adjusted to 8.1 with <lN NH^OH, and the solution was 
d- luted to 600 ml. with water. The iron-hydroxyethyl starch was reprecipi- 
tated and washed with two 1 liter allots of 80% acetone. The resuhing 
preapnate was then redissolved as above, reprecipitated, washed with 
three , l.ter aliquots of 100% acetone and collected by vacuum fixation. 
The collected precipitate was washed with an additiona. J Jiter of , 00 fc 
acetone during filtration and was dried as described in Example I. 



EXAMPLE IV 
A dry preparation oflr^^ veth , starch 

ollows: Hydroxyethy, starch, I0g, was dissolved in ]00 m] P ^ " 
Ferr chJ de (FeCj3 . ^ 2Q ^ ^ ^ ^ ^ 

solution w.th storing, and the resuhing solution was heated to 50° C for 15 
minutes then heated to 7n° r #^ -an 

m „, , The solo,i ° n »" allowed to 

cool to room ,amperati,,e and ,ha p„ wa! 80justed Irom , „ „ 

add,„on of 20* NH 4 OH. Tba rasdting solution was ,hen dialed agains 

clb 7 e r 0ra "° n W " > """ «*— -*« was 

coined „„„ , 200 ml . 0J ace)one „ hjch ^ ^ coo)ed to _ 2o „ 

«T T °l ^ ? ,HUS CaUS '" 6 PrKipi,a "™ - ~ iron-M^U, 
...h Stirnng, and ,be pracipi,a,a was cotiacd by vac.™ fitiration; 
prec,p„a,e being „„b , „,e, o, acasone in «. p r0C es, Tn 

•~ dri < d in a — - - ^ — - - - 



EXAMPLE V 

The experiment of Example 1 was repeated in all essential details 
35 except that the hydroxyethyl starch starting material was subjected to acid 
hydrops to a molecular weigh, of ,0,000. The solution was purified by 
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uhrafihration through a 1000 molecular weight cut olf filter to remove 
free ions. The dialysis step was excluded from the procedure. The 
experiment yielded 80 g of dry product containing 25.4% iron by weight. 

EXAMPLE VI 

This example describes the preparation of a hydroxyethyl starch- 
insulin combination in accordance with the present invention. 
Hydroxyethyl starch (1 g) in 25 mi. of water is added to a well stirred 
mixture of CNBr (200 mg) in 100 ml. of water. The pH is maintained at 1 1 
by the addition of 2N NaOH. The activation reaction is continued for 10 
minutes and 20 mg of insulin in 20 ml. of J M sodium bicarbonate are then 
rapidly added, lowering the pH. The solution is then stirred overnight in an 
ultrafiltration cell equipped with an appropriate membrane. The solution is. 
then concentrated and washed with 6 MoJaJ guanidine hydrochloride. When 
no further free insulin is .detected migrating through the membrane, the 
composition is thoroughly washed with water and concentrated to a final 
volume of 60-80 ml. The experiment should yield a hydroxyethyl starch- 
insulin combination useful for the controlled release administration of 
insulin.- - 

EXAMPLE VII 

The experiment of Example VI is repeated in all essential details, 
except a mixture of amino acids is substituted for insulin. The experiment 
should yield a hydroxyethyl starch-amino acids combination useful for the 
controlled release administration of amino acids. 

EXAMPLE Vlll 

The experiment of Example VII is repeated in all essential details 
except enkephalin (peptide) is substituted for insulin. The experiment 
should yield a hydroxyethyl starch-enkephalin combination useful for the 
controlled release administration of enkephalin. 

EXAMPLE IX 

The experiment of Example 1 is repeated in all essential details 
except hydroxypropyl starch is substituted lor hydroxyethyl starch. The 
experiment should yield an iron-hydroxyprbpyj starch combination. 
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1. A composition of raa tter for the controlled 

release administration of a biologicallv .„+■ 
. . "J-oj.ogicaj.ij, actxve compound 

to an .„„.!, oo»pri. ins . c„„b ine ,tio„ of sald 
Mol„ Elc . lly active clJmpoua<1 ^ hydpoxyalkyl ^ 

2. The composition of cl«i„ 1, „ herel „ the 
through a chemical bond. 

3- The compostiion of claim 1 or ? „*. • ^, 

15 



6. A method f 6 r administering a biologically 
actxve compound to an 6 iy 

fnriB . + . an Bnimal ln a controlled release 

formulatxon, which comprises administering to said 
anxmal a combination of such biologically active 
component and hydroxyalky! Btarch in . pharmaceutic 
20 acceptable dosage form. really 

7. The method of claim 6, wherein the 
biologically active compound is bonded to the 
hydroxyalkyl starch through a chemical bond. 

3, „■ , • • !" ^ meth ° d ° f Cl&im 6 ° r 7 ' Where i» the 
25 bxologxcally active compound is a drug. 
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9- The method of claim 6 or 7 , wherein the 
hydroxyalkyl starch is hydroxyethyl starch. 

10* The method of claim 6 or 7 , wherein the 
biologically active compound is iron. 
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